Abstract The exact molecular pathways involved in the pathogenesis of influenza are yet unclear. In the present study we investigated the upper respiratory proteome in influenza patients. 200 nasal and throat swab samples were collected from patients suffering from acute respiratory illness. These samples were confirmed for influenza pandemic A/H1N1/2009 and influenza type B using qRT-PCR. 10 similar swabs were collected from healthy individuals and were used as controls. Proteins were extracted from the cell pellets and were subjected to 2-D gel electrophoresis. The differentially expressed proteins were identified using MALDI-TOF. Identified proteins were classified into different functional groups based on functions reported in the databases. 25 % of these proteins were involved in cytoskeletal formation, whereas 14 % were involved in signal transduction. Proteins involved in anti-viral responses, Ca-signaling, transport, and tumor suppression constituted 10 % each, where as 5 % of proteins each belong to Nicotinic acetylcholine receptor, Protein Synthesis and anti-bacterial proteins. 10 % of the proteins have not been described previously. This is the first report on respiratory proteome profile in Influenza patients. The study emphasizes the role of such profiling studies using multiple platforms for bio-marker discoveries, especially non-invasive diagnostic marker in Influenza and other infectious diseases.
Introduction
The US Centers for Disease Control and Prevention (CDC) estimates that seasonal influenza is responsible for an average of more than 20,000 deaths annually. Mortality is highest in infants and the elderly. The 2012-2013 seasons were notable for widespread disease and a higher death rate than was reported in previous years. In addition, the predominant influenza virus subtype was an H3N2, in contrast to dominance by H1N1 subtypes in recent past years. Haffkine Institute is a sentinel surveillance centre under the National Center for Disease Control (NCDC) for the detection of influenza viruses among the population in Mumbai. Previous reports of prevalence studies carried out at Haffkine Institute [33] demonstrated the screening of 100 children for influenza type A and influenza type B and it was noted that 11 were positive for influenza type A and only 5 were positive for influenza type B. The above data indicated the severity of Influenza viruses in India still continues. The need of the hour is to undertake continued Electronic supplementary material The online version of this article (doi:10.1007/s13337-016-0332-x) contains supplementary material, which is available to authorized users. surveillance globally, which will help to better define the circulation of influenza viruses as well as to determine optimal periods to implement vaccination programmes among the priority population.
It is also imperative to study the virus-host interactions. In the last years great efforts have been undertaken to reveal the mechanisms of influenza-host cell interactions. Studies focused either on pathogenesis in humans [11] , discovery of novel drug targets, antiviral therapies and biomarker research [1] , or on analysis of virulence and adaptation strategies of avian influenza virus [5] . Among the Influenza viruses, influenza A has been shown to interact with host cell proteins throughout the virus life cycle [34] . Some interactions elicit alterations in the host proteome, as exemplified by the virus's ability to both induce and evade a host immune response [17] , to influence autophagy and apoptosis [12, 24, 36] , and to increase viral protein synthesis while shutting down host protein synthesis [14] .
Studying virus-host interactions is increasingly reliant on quantitative proteomic techniques such as 2D-DIGE, isotope encoded affinity tag (ICAT), and stable isotope labeling of amino acids in cell culture (SILAC). Several proteomic investigations has been carried out earlier to study the proteomic changes in cell culture based studies with Influenza virus infection [7, 21-23, 40, 42] . Several genomic and proteomic studies have also been carried out in influenza-infected macaques [1, 42] . In a recent study, Andrea L. Kroeker carried out the differential expression of host protein in primary human bronchial airway epithelial (HBAE) cells and she reported that the down regulated proteins generally belong to cell adhesion and lipid metabolism and up regulated proteins were from the host defense responses against influenza infection [44] . Most proteomic studies investigating the effect of influenza infection have been carried out in different cell lines and primary macrophages. Till date, however, only one scientific report [19] has been documented in literature studying nasal secretions from naturally influenza infected patients. Proteins identified in this study are different from those described in influenza-infected cell lines and primary macrophages [7, 22] . Ten proteins were found to be differentially upregulated in the infected children including PLUNC, cystatin S, cystatin SA, S100A9, lipocalin 1 fragments (n52), truncated lactotransferrin, two immunoglobulin (Ig) kappa fragments and one immunoglobulin (Ig) lambda fragment. Luis Teran's findings reveal that the composition of nasal secretions in influenza virus respiratory infections is different from that when children are healthy and may provide further insights into the pathogenesis of respiratory infections caused by seasonal influenza A viruses [37] .
With limited data available on virus-host interaction from human patients infected with Influenza, we analyze differential proteomics from the nasal/throat swabs from patients representing Influenza like Illness and Acute Respiratory Infection.
Materials and methods

Sample collection
A total of 200 nasal swabs/throat swabs were collected from July 2011 to July 2012, which comprised of 114 males and 86 females from outpatient department (OPD) and inpatient department (IPD) from hospitals like B. J. Wadia Hospital for Children, L. H. Hiranandani Hospital, King Edward Memorial Hospital, Mumbai. All the samples were referred by medical doctors and were duly archived and were frozen in -80°C for future use. The study was approved by the Institutional Ethics Committee of Haffkine Institute. Identification of viral and bacterial infection from all the 200 samples has been carried out previously [4] .
Sample processing
Confirmed positives for pandemic influenza A/H1N1/2009 and influenza type B samples were thawed from -80°C. The samples were centrifuged at 14,0009g for 15 min at 4°C to pellet the cell mass and supernatant of the viral transport medium was discarded. The cell pellet was further washed with phosphate buffer saline (PBS pH 7.4) to remove the remaining contaminants. The cell pellet from 10 different samples from for pandemic influenza A/H1N1/ 2009 and influenza type B were pooled and cell lysis was performed for 15 cycles of sonication on ice at 30 % amplitude, 5 s pulse with 5 s gap. Centrifugation was performed at 10,0009g for 10 min at 4°C and the cell lysate was used for protein extraction using TRIzol method as discussed below. Thirty samples were used from healthy human volunteers as control. Ten samples were pooled at a time to increase the protein concentration for Iso electric focusing.
Protein extraction
The TRIzol protocol was designed using protocol with minor modifications [32] . In brief, to the cell lysate 1 mL of TRIzol reagent and 200 lL of chloroform were added, mixed vigorously and centrifugation was carried out at 14,0009g for 15 min at 4°C. Upper clear phase was removed carefully. To the remaining phase 300 lL of ethanol was added and incubated at room temperature for Differential proteomic analysis of respiratory samples from patients suffering from influenza 227 3 min followed by centrifugation at 20009g for 15 min at 4°C. To the supernatant, 1:4 volume of ice-cold acetone (kept at -20°C) was added and kept for overnight incubation at -20°C. Protein pellet was thoroughly washed first with 0.3 M guanidium-HCl in 95 % ethanol three times and then two times with ice-cold acetone (kept at -20°C). After air-drying, all protein pellets were dissolved in rehydration buffer (7 M urea, 2 M thiourea, 2 % CHAPS, 1 % IPG buffer and bromophenol blue dye).
Protein quantification was performed using either 2-D quant kit (GE healthcare) or Bradford reagent (Bio Rad) with BSA as a standard.
Two-dimensional gel electrophoresis (2-DE) analysis
Pandemic influenza A/H1N1/2009 and influenza type B protein samples 150 lg were rehydrated on 13 cm IPG strips of pH range 4-7 (GE healthcare) by adding 1 % DTT, 1 % (v/v) respective IPG buffer and De-streak reagent (GE healthcare). First dimension was performed using Ettan IPGphor 3 isoelectric focusing unit (GE Healthcare) with following settings: 50 V for 4 h (Step and hold), 200 V for 4 h (Step and hold), 500 V for 1 h (step and hold), 1000 V for 750 Volt hour (gradient), 8000 V for 13,500 Vh (gradient) and 8000 V for 64,000 Vh (step and hold), 500 V for 4 h (step and hold), resulting in a total of *80,550 kVh. Focused IPG strips were treated with equilibration buffer-I and -II containing dithiothreitol (DTT) and iodoacetamide (IAA) for 15 min each. The IPG strips were then placed onto 12.5 % SDS-PAGE gels and the second dimension was carried out. Silver staining was used for all the samples and gels were analyzed using Lab Image software (GE Healthcare). After silver staining, the protein gels were scanned by using GE Image Scanner TM III and the gel images were subjected to GE 2D Platinum Software and the gels were compare to determine the differential protein spots. Statistical analysis of Annova (p \ 0.05) and fold difference of 2-8 with match count 2 was used for identification of differential protein spots.
In-gel digestion
In-gel digestion from silver stained gels was carried out using trypsin (Promega). Briefly, the protein spots were washed with water and de-stained with potassium ferric cyanide and sodium thiosulphate. The gel particles were then washed with 50 mM NH 4 HCO 3 /acetonitrile 1 ? 1 (v/v) for 15 min. The gel particles were dried using vaccum centrifuge, and further reduction and alkylation of gel particles was carried out by 10 mM dithiotretiol and 55 mM iodoacetamide in 50 mM NH 4 HCO 3 . The gel particles were allowed to shrink in acetonitrile and again dried using vaccum centrifuge. Freshly prepared enzyme solution (25 mM NH 4 HCO 3 with 5 ng/lL of trypsin) was added to gel particles and incubated at 37°C for 30 min. Enough 25 mM NH 4 HCO 3 was added to cover the gel particles and incubated overnight at 37°C. The peptides were extracted from gel pieces by adding series of solvents: 0.1 % TFA in 50 % ACN, 0.1 % TFA in 60 % ACN and 0.1 % TFA in 80 % ACN (100 ll each). All the three fractions were pooled and vacuum dry. The samples were stored at -20°C till Mass Spec analysis. Reconstitute the sample in 5-10 lL of 0.1 % TFA in 50 % acetonitrile before mass spectrometric analysis [35] .
Protein identification by MALDI TOF/TOF
The mass spectrometric analysis was carried out on Matrix associated laser desorption ionization-time of flight (MALDI-TOF) instrument (Bruker Daltonik GmbH) at ACTREC, Kharghar, Navi Mumbai. Briefly 2 ll of the extracted protein was mixed with 2 ll (equal volumes) of a-cyano-4 hydroxy-cinnamic acid (HHCA) matrix and was loaded on ground steel MALDI target plate and allowed to dry at room temperature. The MALDI-TOF MS target was subsequently introduced into the MALDI TOF mass spectrometer (Brucker Daltonik GmbH) for automated measurement and data interpretation. Initial manual/visual estimation of the mass spectra was performed using the Flex Analysis 2.4 software (Bruker Daltonik GmbH, Germany). For automated data analysis, raw spectra were processed using the Biotools Version 3.0 software (Bruker Daltonik GmbH, Germany) with default settings. The instrument was calibrated by using standard peptide mix before sample analysis. The instrument was operated in reflectron mode using Nd:YAG 335 nm laser, with a mass range of 800-4000 Da. MS peak list was subjected to MASCOT version 2.1 (http://www.martixscience.com) search engine for protein identification. The parameters used for mascot search were as follows: trypsin digestion, single missed cleavage, oxidation of methionine and carbamidomethylation of cysteine as variable and fixed modifications respectively, 100 ppm mass tolerance selected for MS and Swiss-Prot database. The taxonomy was set as Homo sapiens. were found to be positive for pandemic influenza A/H1N1/ 2009, 24 were positive for influenza type B, 15 for seasonal influenza type A (H3N2), 2 for RSV and none for hMPV [4] .
Results and discussion
Protein concentration in nasal/throat swabs from a single sample was less as those observed for control samples (1.2 ± 0.30 vs 3.5 ± 0.50 lg/lL). The minimum amount of protein load for 13 cm IPG strip has to be more than 100 lg or more for better protein expression for 2-DE analysis. Hence, we had to group the samples, i.e. 10 samples represent one sample with protein concentration more than 100 lg. So as per the confirmed virus positive samples from the group of 200 samples, only three gels could be assessed for pandemic influenza A/H1N1/2009 and two gels for influenza type B. Although a large number of proteins were detected in control sample and pandemic influenza A/H1N1/2009 and influenza type B by the 2-DE technique, only those that were differentially/exclusively expressed/upon infection were studied. Differential analysis of the two-dimensional gels (Fig. 1) The proteins which were found to be down-regulated in control healthy samples are reported in Supplementary 01 and those of clinical significance are chondroitin sulfate synthase 3; nutritionally-regulated adipose and cardiac enriched protein (Nrac) and Fibroblast growth factor 3.
Chondroitin sulfate is a major component of extracellular matrix, and is important in maintaining the structural integrity of the tissue. This function is typical of the large aggregating proteoglycans: aggrecan, versican, brevican, and neurocan, collectively known as lecticans. As part of aggrecan, chondroitin sulfate is a major component of cartilage. Loss of chondroitin sulfate from the cartilage is a major cause of osteoarthritis. Chondroitin sulfate readily interacts with proteins in the extracellular matrix due to its negative charges. These interactions are important for regulating a diverse array of cellular activities [2] . Nrac (nutritionally-regulated adipose and cardiac-enriched) is expressed specifically and abundantly in fat and the heart. Both fasting and obesity reduce Nrac expression in white adipose tissue, and fasting reduces its expression in brown fat. Nrac is localized to the plasma membrane, and highly induced during adipocyte differentiation. Nrac is therefore a novel adipocyte marker and has potential functions in metabolism [43] . Fibroblast growth factor 3, the official name of this gene is ''fibroblast growth factor receptor 3.''(FGFR3). The proteins play a role in several important cellular processes, including regulation of cell growth and division, determination of cell type, formation of blood vessels, wound healing, and embryo development. Fibroblast growth factor receptor (FGFR) 1-4, which belongs to the tyrosine kinase receptor superfamily, also regulates many biological processes including differentiation, proliferation, development, and angiogenesis [27, 29, 39] .
The proteins which were found to be exclusively expressed in pandemic influenza A/H1N1/2009 samples are reported in Supplementary 02 and those of clinical [20] . The zinc finger is a novel motif found in Zinc finger proteins which bind to DNA. Nasser et al. [28] reported that Matrix protein (M1) of influenza virus inhibits its own polymerase; which suggested that a peptide segment of M1 protein with inhibitory properties could serve as an antiviral agent. A peptide synthesized to the Zn 2? finger region of the M1 sequence of influenza virus strain A/PR/8/34 centered on amino acids residues 148-166 was shown to be 1000-fold more effective as a polymerase inhibitor than M1. Antiviral activity against influenza type B viruses was reported and also a low level of activity against vesicular stomatitis virus was observed [28] . Pyruvate dehydrogenase complex (PDC), is distributed heterogeneously within the mitochondrial matrix [25] and catalyzes the irreversible oxidation of pyruvate to acetyl CoA. Rapid changes in catalytic activity are achieved primarily by reversible phosphorylation by PDC kinases (PDKs) and phosphatases (PDPs). Humans possess at least four PDK and two PDP isoforms that are expressed differentially among tissues [3] . In one of the studies [41] , effects of diisopropylamine dichloroacetate (DADA), a new PDH kinase 4 (PDK4) inhibitor, in mice with severe influenza showed that the infection of mice with influenza A PR/8/34(H1N1) virus resulted in marked down-regulation of PDH activity and ATP level, with selective upregulation of PDK4 in the skeletal muscles, heart, liver and lungs. These results indicate that through PDK4 inhibition, DADA effectively suppresses the host metabolic disordercytokine cycle, which is closely linked to the influenza virus-cytokine-trypsin cycle, resulting in prevention of multi-organ failure in severe influenza. Defensins form a family of antimicrobial and cytotoxic peptides made by neutrophils. Defensins are short, processed peptide molecules that are classified by structure into three groups: alpha-defensins, beta-defensins and theta-defensins. Human b-defensins form an essential component of the intestinal lumen in innate immunity. The defensive mechanisms of b-defensins include binding to negatively charged microbial membranes that cause cell death and chemoattraction of immune cells. The antimicrobial activity of b-defensin is well reported in vitro against several enteric pathogens and in non-infectious processes such as inflammatory bowel diseases, which alters b-defensin production. However, the role of b-defensin in vivo of interaction with other immune components in host defense against bacteria, viruses and parasites with more complex membranes is still not well known [6] .
The protein which is found to be differentially regulated in influenza type B is Interferon-induced protein with tetratricopeptide repeats 2 (IFIT 2) (Supplementary 03), and proteins which are exclusively expressed only in influenza type B and of clinical significance are eukaryotic translation initiation factor 4H (eIH4), Interleukin-1 receptor-associated kinase 4 (IRAK), Elongator complex protein 6 (ELP 6) (Supplementary 04). Interferon-induced protein with tetratricopeptide repeats 2 (IFIT 2), belonging to the IFIT family proteins which are involved in many processes in response to viral infection, mainly by reducing virus replication. The IFIT family proteins contain a TPR (tetratricopeptide repeat) domain, a 34 amino acid motif folding into a helix-turn-helix structure, which mediates protein interactions [9] . IFIT1 and IFIT2 are involved in a nonspecific antiviral program through their direct interactions with eukaryotic initiation factor 3, which subsequently suppresses more than 60 % of translation in cells and viruses during protein synthesis [13, 15, 38] . The IFIT family, especially IFIT1 and IFIT3, restrict DNA and RNA virus replication, such as hepatitis B virus (HBV), human papillomavirus (HPV), hepatitis C virus (HCV), West Nile virus (WNV) and others [26, 30] . Knock down of IFIT1 though RNA interference in human hepatocytes enhanced HCV replication during infection [31] . Eukaryotic translation initiation factor 4H (eIH4) is involved in regulation of translation initiation during protein synthesis. Loss of translation control may lead to cell malignant transformation as consequence of increased rate of protein synthesis and translation activation of mRNA species that are relevant for cell proliferation and survival. Initiation of protein synthesis of most eukaryotic mRNAs is m 7 G-cap-dependent and requires at least 13 eukaryotic initiation factors (eIFs) [16] . Interleukin-1 receptor associated kinases (IRAKs), were originally described as transducers for inducing various inflammatory cytokines and later implicated as critical mediators in regulation of TLR/IL-1R signaling [8] . It is generally believed that IRAK family proteins are pivotal modulators in IL-1/TLR signaling transduction. As a member of the IRAK family, more focus has been on the critical function of IRAK2 in inflammation and immune responses [18] . Thus, it may be worthwhile to investigate whether there are additional IRAK variants possessing different activities in mediating TLR/IL-1R-induced NF-jB activation. Elongator complex protein 6 (ELP 6) is also alternatively termed as Elongator Acetyltransferase Complex Subunit 6 which is a Protein Coding gene. It acts as subunit of the RNA polymerase II elongator complex, which is a histone acetyltransferase component of the RNA polymerase II (Pol II) holoenzyme and is involved in transcriptional elongation. Elongator may play a role in chromatin remodeling and is also involved in acetylation of histones H3 and probably H4. It is believed that ELP 6 is also involved in cell migration.
The proteins from the Control group like Chondroitin sulphate synthase, Nutritionally-regulated adipose and cardiac enriched protein (Nrac) and FGF3 which form the extracellular matrix in various cell types are down-regulated when compared with the infectious Influenza group. These results are consistent with Andrea L. Kroeker's study [19] who reported that the down regulated proteins generally belong to cell adhesion and lipid metabolism. The proteins from pandemic influenza A/H1N1/2009 are MAPK7, Zinc finger proteins, Pyruvate dehydrogenase kinases and Beta-defensin 108B are mostly involved in anti-viral mechanism [10, 20, 28] and also help in host defense system. The proteins from influenza type B majorly IFIT2 along with Interleukin-1 receptor-associated kinase (IRAK) plays a central role in cell signaling processes as cited earlier [9, 18] . Our comparison of the pandemic influenza A/H1N1/2009 and influenza type B with the control samples leads to the observation that a majority of the differentially expressed proteins belong to the cytoskeletol group (25 %) followed by those responsible for signal transduction (14 %). Second set (10 % each) contains anti-viral; calcium signaling and metabolism; tumor suppression proteins; and transport proteins. One group of uncharacterized proteins also constitute 10 % of the population. The third set (5 %) contains anti-bacterial, nicotine acetylcholine and protein synthesis proteins (Fig. 2) .
It could be elucidated that the proteins from the control group could be used as diagnostic markers since these proteins are down-regulated by a significant fold change in the influenza group. The proteins from the pandemic influenza group can be taken up for further studies to specify their roles as anti-viral agents and hence could be used as novel therapeutics. The proteins from the influenza type B are mostly involved in cell signaling processes, so these proteins could be used to understand the mechanism of viral infection in host cellular responses after tagging them with either fluoro-chromes or radioisotopes.
This study in our knowledge is one of the first reports of the upper respiratory proteome study in Influenza infection. Further studies, involving multiple omics platforms are required to understand the molecular pathways involved in the pathology of influenza. Such studies will help us identify biomarkers which may be used as diagnostic or therapeutic targets.
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